Urea has highest nitrogen content up to 46.65 % in comparison with other fertilizers. Therefore, it is used widely in agriculture, forestry and additives for animal feed. Recently, Vietnam has 04 urea manufacturing plants in Bac Giang, Ninh Binh, Phu My and Ca Mau with total production estimated in 2014 to be 2,660 million Ton/year. Except for Ca Mau plant using granulator to produce urea granular, other plants are using prilling tower to produce prill urea. In a prilling tower, molten urea is sprayed form the top distributor. The droplets fall along the tower to exchange heat with countercurrent air flow for cooling and solidification. Until now, there is not any Vietnam engineering company having ability to design a prilling tower due to lack fundamental knowledge. In this paper, a transient heat conduction model was applied to determine the engineering parameters like cooling time and prilling tower high.
INTRODUCTION
In recent years, Vietnam has been one of the leading exporters of agricultural products such as rice, coffee, tea, pepper, etc. In order to obtain that achievement, there is scientifically contribution of Vietnam fertilizer industry. For nitrogenous fertilizer, Vietnam currently has four plants with advanced technology and equipment imported from abroad. Phu My fertilizer plant and Ca Mau fertilizer plant have designed product capacity of 800,000 tons per year using the natural gas conversion process. Ninh Binh fertilizer plant has a capacity of 560,000 tons per year and the Ha Bac fertilizer plant is upgrading to produce 500,000 tons per year from entrained flow coal gasification. In the Ca Mau fertilizer plant using granulator of Toyo (Japan) combined of spout bed with fluidized bed to obtain granular urea. The other plants use a prilling tower where melt urea is sprayed from the center top and the cooling air is entered from intake openings located around circumference of the bottom section of the tower. During falling time, the droplets were formed of a spherical shape by influence of surface tension, solidified and cooled to solid particles by heat exchange with the upward air stream. This process is known as spray crystallization [1, 2] .
In literature, there are not much researches discussing about modeling to design a prilling tower. Bakhtin used a mathematical model based on a system of ODE equations to describe the dynamic and internal energy of the particles [3] . Alamdari et al. simulated the prill process by solving simultaneously the continuity, hydrodynamics, mass and energy transfer equations [4] . Yuan et al. applied a shrinking unsolidified core to introduce design methodology for prilling tower [5] . The studies mentioned above are more complicated to apply due to using many parameters and equations. The aim of this work is to propose a simple model based on the slowthermal conductivity of a spherical particle with appropriate assumptions and conditions to determine the height of the prilling tower.
MECHANISM AND TRANSIENT HEAT CONDUCTION MODEL

Mechanism
After evaporation process, urea melt is distributed by a rotating conical bucket located on the top of the prilling tower. Due to centrifugal force and surface tension the liquid releases from the various holes on bucket surface to form spherical droplets dropped full cross section of the cylindrical tower. During falling down, the droplets in liquid state were transformed into the particles in solid state by releasing the sensible heat and latent heat to the upward cooling air flow. The cooling process finishes when the particles reach the bottom of the tower to obtain prill urea crystallized. The process in the prilling tower can be described as the following mechanisms:
Mechanism A: A droplet of urea melt contacts with the cool air to form a particle with outer thin layer in solid state and internal core still in liquid state. The diameter of the liquid core is reduced until zero and the particle is solidified and cooled completely when it touches the bottom of the prilling tower (this mechanism is called as shrinking core model).
Mechanism B: The cooling process of a liquid droplet of urea melt falling along the height of the tower can be described by 03 stages: in the first stage the droplet in liquid state is cooled from initial temperature to temperature of phase changing; then in second stage, it releases latent heat to rapidly transform from liquid droplet to solid particle without temperature changing; in the last stage the particle continuously cools down until reaching the bottom of the tower.
In the two mechanisms mentioned above, the mechanism A is very difficult to apply due to no determination of the growing rate of the solid outer layer (the kinetics of crystallization). According to the mechanism B, the state of the particle is considered homogeneous in liquid state or solid state so that the physical parameters can be determined. Therefore, in this work the mechanism A is applied for describing the cooling process. Because the moisture of final product is smaller than 1%, the mass transfer between the particles and the cooling air can be neglected.
The mechanism A can be illustrated as in Figure 1 . In which H is the total height of the prilling tower from the bucket to the bottom divided into three sections:
where the section H 1 is corresponding to the falling time  1 of the first stage, urea droplets were cooled from the initial temperature of T o = 413 K to the melting point of urea T m = 405 K and to release a heat ; the section H 2 is corresponding to the falling time  2 of the second stage, the urea droplets has a constant temperature of T m = 405 K and release all latent heat of solidification then they transform rapidly from liquid droplets to solid particles at the end of this section (heat exchange is considered as transient but kinetics of solidification is neglected).
Section H 3 corresponds to the fall time  3 , so that the temperature of the particles continuously reduces from 405 K to the bottom temperature T c = 333 K and release the cooling heat . These temperatures were obtained from operation condition of the companies. 
Heat balance
The total released heats of urea droplets due to cooling and solidification in three stages must be balanced with the receive head of air stream , so the overall heat balance of the prilling tower can be expressed by the Equations 2 as follows: 
Hydrodynamics
If an object falls freely, it will accelerate with gravitational acceleration g [m/s 2 ]. However, a small droplet or particle falls at a constant velocity (so called the equilibrium velocity) due to balance of weight force, buoyancy force and drag force. This velocity w is determined by the relationship between the Archimedes (Ar) and Reynol (Re) dimensionless numbers as following Re. / .
with d P is the average diameter of the droplet or particle; corresponding physical properties of air and urea (e.g. dynamic viscosity of air µ G , densities of air  G and of Urea  P in liquid state and solid state).
Transient heat transfer model
The convective heat transfer occurs between the spherical droplets (for 1 st and 2 nd stages) or particles (for 3 rd stage) (Figure 2) There is a different temperature between center and surface of droplets at beginning of the 1 st stage (or particle in 3 rd stage). Minimum retention time at these stages is the time needed to the temperature of center reached the temperature of the outer surface. Heat transport form inside a droplet or a particle to its outer surface can be considered as transient heat conduction. According to the heat conduction theory, the temperature distribution inside a sphere is given by a partial differential equation as following [7] : 
the relationships between  * , Bi and Fo at r = 0 and r = r o were created in charts in Figure 3a and 3b [7] . The time for temperature changing from initial to end of a stage can be determined based on the value of Fo number obtained from the charts with values of Bi and  * calculated from working conditions of the prilling tower. For 2 nd stage, there is not different temperature between center and surface of droplets. The heat flux released from outer surface of the droplet to the air can be considered as steady state heat exchange, so the retention time in this stage can be obtained from the following:
RESULS AND DISCUSSION
Based on the operating conditions of Ninh Binh Fertilizer Company and [8] , the physical properties of urea were used for calculating the height of the prilling tower, given in Table 1 .
Heats exchanged for each stage, overall heal balance of the tower can be calculated using Equations 2 to give in Table 2 . The heat released by solidification of the second stage accounts 66 % of the overall heat exchange with air stream. Assuming that the inlet temperature of air is 303 K and its outlet is 338 K, the flow rate of inlet air can be determined. From that, the average temperatures of air at each stage are 308 K, 324.5 K and 337 K, respectively. 
Because the retention times and the equilibrium velocities depend on the diameter of the urea element, so the total height of the tower is a function of d P . The diameter of urea product varied from 0.5 to 3 mm, its influence on the total height was estimated and shown in Figure 4 . According to the Vietnamese standard TCVN 2619-1994, the size distribution of urea must be 1 ~ 2.5 mm > 90 %. Therefore, the prediction height for d P = 2 mm is acceptable in comparison with the height of prill tower designed for Ninh Binh Fertilizer Company is 75 m.
CONCLUSIONS
In this work, a method was developed for design of the prilling tower. The thermal and Diameter of the prill urea [mm] 50 hydrodynamic relationships related to the prilling process were discussed. The transient heat conduction model with analytical solution is easy approach to calculate the retention time of urea element and the height of the tower as well. The height predicted using this method was validated with the operating prilling tower. This method can be also applied for other cooling process.
